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Abstract: Absolute nodal coordinate formulation was developed in the mid-1990s, and is used in the flexible dynamic
analysis. In the process of deriving the equation of motion, if the order of polynomial referring to the displacement field
increases, then the degrees of freedom increase, as well as the analysis time increases. Therefore, in this study, the
primary objective was to reduce the analysis time by transforming the dimensional equation of motion to a non-
dimensional equation of motion. After the shape function was rearranged to be non-dimensional and the nodal
coordinate was rearranged to be in length dimension, the non-dimensional mass matrix, stiffness matrix, and
conservative force was derived from the non-dimensional variables. The verification and efficiency of this non-
dimensional equation of motion was performed using two examples; cantilever beam which has the exact solution
about static deflection and flexible pendulum.
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Table 6 Analysis time by the number of elements in
flexible pendulum

Unit: Number of elements
[s] 10 20 30
DIM 4.26 7.77 11.55
Non-DIM 4.17 5.76 7.46
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, 10m
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X;
Node A Node B
Fig. 5 Flexible pendulum
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Analysis Time [s]

i i I L
10 15 20 25

Number of Elements

Fig. 6 Analysis time by the number of elements in
flexible pendulum

Aol A LEWAAe] v freld, ol
Table 201 4] W= mhs} o] Tyel oa] T &
FggAe A% A5k F7he] WEelh 107)
o SaE BEF A A4 Azl A BAS
A B & vk HY AL B8Y 7
$ o 57} F8A gow WS A8 ua
g oga, BAA AN g aY g
Mg A A e & gemE e
F7h FABEE AN Feld FAD $E59A
Hol BEAYS ¢ 5 At

3.2 EbM ERRIXL

3.24 Oﬂf\ﬂ = 3" Z<2A E(revolute joint)ol] |2 ¥
G2 A A (Fig. 5H)E &3 Mt T &

gAY A m&ds AlAeaLzt gk i

Ertol] gt EHﬂﬁ(large rotation)S X #ET

ﬂﬂ%@@ﬂr}{ﬁlﬂ E4S g3 93t
£ 193E+05 N/m’2 A 43} o}

ﬂ%xq AN 37 Y3te] Table 63} Fig. 6

30 ELEMENTS

O :bm
[] : Non-DIM

02

&
=

X2 Disp. [m]

08

i I L i i i L
04 02 0 02 04 0B 08 1

X1 Disp. [m]

g H i
1 08 086

Fig. 7 Motion of flexible pendulum at the tip point

ol = AR 2% %J«l oH** AlZko] LiERLE
At Table 6 ED% 17H4 2 e Ay
7o tﬂ-}\]—g‘].}_‘_ fe) '{[: ]]:]_. O] ]I:]_'/‘é

o =
A4S 193E+05 N/mzi gholl uhg} 17]29] &
A o] 7hsshA] &

2 Ay ARWEds 78

s on gt Ay AAPEdS &tz
st Af-ole ‘3 22 g4= T
v gk}, Fig. 62 Fig. 49} f-AFSH
om, o]F Tl @xlA 4 Aol
o 84E5 &gty sidd
S &8st Aol nu
Fig. 791 X, ¥ X,59
Bl lom, 7]ES A
TAb g el o

A% & ek

-
.

?lﬁ

=
44

Z

)
O
st

(]

—_

o H

=

- oy AT
19 oo 1
f

2 rol
>, m[o

of| %

(

-

o,
> o2 30 1o

4:1
iy
O

N

S= o,

doboptt T -

U =
xym

e

1990t FWkol
=odg Ao 3}
st A A #A QL
942 olFE e
QA ez AfE} F715
9l Z7h2 ololtt. mekA
]:HZ']X‘]J:‘L._L 2 051&1—7(4/\13 5,'—?]—
ow AnFgoH i AV BEA
Atk 2 ATelA Jidd W
200011 Berzeri, M. and Shabana, A.
dly] 2219 9 ujH 2ol B0
=
[e)

|
a8
2)

o

o 2 o

v}

o X rlo O ot > o (B b1



i)
=
i)
ol
i)
=
X
=2
>
2
ofl
oy
oX,
o
i)

o,
ofo

ol

-

offt

)

i)

ol

1>

o, offt

o
N
o
2
4 =
vo
2 2 9 g

ol
o 39
o
o

foi
olN o o
oX 9

N
-

2
(RO
D
£ 9 O
SR u)
e § % b
Lo
P, o
N ol
Ny ‘rlom‘“iﬂon

ol o
o
)
o,
tio
o O
1/

of
I~ HE
B
&2
o
)
2
ok
i
o on
1t Ho ™

s

N
)
olr
oX,
o

"o P E
Gy 2 Ay o B oy b

REaus
O_>|:4 o
on MY
£
% w
T x
=
L

=
1%
2

i

30 o 12 L

0 &
m
o

e

°
32 o
ro

N
I

L ob N ol iz e (o ox
2 Mo
4 off

o%

ot ofo ¥
_O‘L
m{o_&-_\ljﬁ

Ht oy
Q‘L

rlr
RIS
o,

ol
-

N
2 i 8 off

£ 2 1>
Kol o
£ 2= B Ao

I

Of

_>i,

o

k1

N

N
An
=
il
-r
o

X (Timoshenko
N 7hs sk,

=
48 Tbsd d4

St A A7) & 1 (KITECH) 7] 33t
98 A A4 (ADD)S] X Y& o}
grelH, ofel A=Yyt

Ak

(References)

(1) Shabana, A. A. and Hussein, H. A., 1996, "An
Absolute Nodal Coordination for the Large Rotation
and Large Deformation Analysis of Flexible Bodies,"
Technical Report, No.MBS96-1-UIC.

283 2249 nel w4 84 39

(2) Shabana, A. A., 1997, "Definition of the Slopes and
the Finite Element Absolute Nodal Coordinate
Formulation," Multibody System Dynamics, Vol. 1, pp.
339~348.

(3) Shabana, A. A., Hussein, H. A. and Escalona, J. L.,
1998, "Application of the Absolute Nodal Coordinate
Formulation to Large Rotation and Large Deformation
Problems," Journal of Mechanical Design, Vol. 120,
No. 2, pp. 188~195.

(4) Shabana. A. A., 2005, Dynamics of Multibody
Systems, Cambridge University Press, New York,
Third edition.

(5) Dmitrochenko, O., Yoo, W. S. and Pogorelov, D. Y.,
2006, “Helicoseir as Shape of a Rotating String (I): 2D
Theory and Simulation Using ANCE” Multibody
System Dynamics, Vol. 15, pp. 135~158.

(6) Dmitrochenko, O., Yoo, W. S. and Pogorelov, D. Y.,
2006, “Helicoseir as Shape of a Rotating String (II):
3D Theory and Simulation Using ANCFE,” Multibody
System Dynamics, Vol. 15, pp. 181~200.

(7) Yoo, W. S., Dmitrochenko, O. and Park, S. J., 2005,
“A New Thin Spatial Beam Element Using the
Absolute Nodal Coordinates: Application to Rotating
Strip," Mechanics Based Design of Structures and
Machines, Vol. 33, pp. 399~422.

(8) Dmitrochenko, O. and Pogorelov, D. Y., 2003,
“Generalization of Plate Finite Elements for Absolute
Nodal Coordinate Formulation,” Multibody System
Dynamics, Vol. 10, No. 1, pp. 17~43.

(9) Mikkola, A. M. and Matikainen, M. K., 2006,
“Development of Elastic Forces for a Large Defor-
mation Plate Element Based on the Absolute Nodal
Coordiante Formulation,” Journal of Computational
and Non-linear Dynamics, Vol. 1, No. 2, pp. 283~309.

(10) Mikkola, A. M. and Shabana, A. A., 2003, “A Non-
Incremental Finite Element Procedure for the Analysis
of Large Deformations of Plates and Shells in
Mechanical System Applications,” Multibody System
Dynamics, Vol. 9, pp. 283~309.

(11) Kim, K. W., Lee, J. W. and Yoo, W. S., 2012, “The
Motion and Deformation Rate of a Flexible hose
Connected to a Mother Ship," Journal of Mechanical
Science and Technology, Vol. 26, No. 3, pp. 703~710.

(12) Omar, M. A., Shabana, A. A., Mikkola, A. M., Loh,
A. K. And Basch, R., 2004, “Multibody System
Modeling of Leaf Springs,” Journal of Vibration and
Control, Vol. 10, pp. 1601~1638.

(13) Sugiyama, H. and Suda, Y., 2009, “Nonlinear
Elastic Ring Tire Model Using the Absolute Nodal
Coordinate Formulation,” IMechE Journal of Multi-
Body Dynamics, Vol. 223, pp. 211~219.

(14) Patel, M., Orzechowski, G., Tian, Q. and Shabana, A.
A., 2016, “A New Multibody System Approach for



oA - A

10 229 -
Tire Modeling Using ANCF Finite Elements,” IMechE
Journal of Multi-Body Dynamics, Vol. 230, pp. 69~84.

(15) Yamashita, H. and Sugiyama, H., 2015, “High-
Fidelity ANCF-LuGre Tire Model Using Continuum
Mechanics Based Shear Deformable Laminated
Shell Element,” ECCOMAS Thematic Conference on
Multibody Dynamics.

(16) Bathe, K. J., 1996, Finite Element Procedures,
Englewood Cliffs, Prentice Hall.

(17) Bonet, J. and Wood, R. D., 1997, Nonlinear
Continuum Mechanics for Finite Element Analysis.
Cambridge: Cambridge University Press.

(18) Omar, M. A. and Shabana, A. A., 2001, "Two-
Dimensional Shear Deformable Beam for Large
Rotations and Deformation Problems," Journal of
Sound and Vibration, Vol. 243, pp. 565~576.

(19) Berzeri, M. and Shabana, A. A., 2000, “Development
of Simple Models for the Elastic Forces in the
Absolute Nodal Coordinate Formulation,” Journal of
Sound and Vibration, Vol. 235, No. 4, pp. 539~565.

(20) Ugural, A. C. and Fenster, S. K., 1995, Advanced
Strength and Applied Elasticity, Upper Saddle River,
Prentice-Hall, Third edition.

(21) Kawaguti, K., Terumich, Y., Takehara, S.,
Kaczmarczylk, S. and Sogabe, K., 2007, “The Study

% - 27

2

3G - ARG - oA
of the Tether Motion with Time-Varying Length Using
the Absolute Nodal Coordinate Formulation with
Multiple Nonlinear Time Scales,” Journal of System
Design and Dynamics, Vol. 1, No. 3, pp. 491~500.

(22) Nikravesh, P. E., 1988, Computer-Aided Analysis of
Mechanical Systems, Prentice-Hall Inc.

(23) Brenam, K. E., Campbell, S. L. and Petzold, L. R.,
1996, Numerical Solution of Initial-Value Problems in
Differential-Algebraic Equations, SIAM, Philadelphia,
Pennsylvania.

(24) Newmark, N. M., 1959, “A Method of Computation
for Structural Dynamics,” ASCE Journal of
Engineering Mechanics Division, Vol. 85, pp. 67~94.

(25) Washizu, K., 1968, Variational Methods in Elasticity
and Plasticity, Pergamon Press, New York.

(26) Shabana, A. A., 2008, Computational Continuum
Mechanics, Cambridge University Press, New York.
(27) Timoshenko, S. P. and Goodier, J. N., 1970, Theory
of Elasticity, New York, McGraw-Hill, Inc., Third

Edition.

(28) Yan, D., Liu, C., Tian, Q., Zhang, K., Liu, X. N. and
Hu, G K., 2013, “A New Curved Gradient Deficient
Shell Element of Absolute Nodal Coordinate
Formulation for Modeling Thin Shell Structures,”
Nonlinear Dynamics, Vol. 74, pp. 153~164.



